BACKGROUND/OBJECTIVES: Dual-energy X-ray absorptiometry (DXA) is an accurate and reliable method for determining body composition, but a limiting feature is the restricted scanning areas (B190 Â 60 cm 2 ). This shortcoming is relevant not only to athletes involved in sports where height is a major performance determinant but also to obese individuals with a large trunk mass and breadth in whom body dimensions frequently exceed the scan area. This study reviews solutions for DXA length and/or width limitations and its accuracy for body composition assessment using the PRISMA statement guidelines. SUBJECTS/METHODS: Reviewed studies included English language articles from MEDLINE and Thomson Reuters Web of Knowledge platform (1990Knowledge platform ( -2013, and were selected if procedures to overcome the scan area limitations and its validity in assessing the body composition of healthy participants were addressed. Search terms included: DXA, scan, height, width, length, wide, large, tall and obese. RESULTS: A total of seven studies met the criteria and were selected. The sum of two DXA scans and adopting a knee-bent position are alternative procedures proposed for evaluating individuals using pencil and fan-beam Hologic instruments, who are taller than the scan area, whereas a half-body scan is recommended for overcoming the limitations of whole-body measurements in subjects who are wider than the scan area width of Lunar densitometers. CONCLUSIONS: Overall, the proposed procedures are useful and valid, in particular the half-body scan alternative, which avoids unnecessary radiation exposure and scanning time. However, these alternatives were developed for specific densitometers, models and scan mode, and applicability to other instruments requires further research.
INTRODUCTION
Assessment of body composition is important for achieving a better understanding of nutritional status and disease processes, and for evaluating treatments and interventions. Likewise, body composition is a factor that can influence athletic performance and, as such, is of considerable interest to athletes and coaches.
Several different body composition methods can be applied in the clinical setting. 1 One traditional research approach 2, 3 is to evaluate a subject's fat mass (FM) based on a two-compartment model, in which the subject's body mass is partitioned into FM and fat-free mass, using densitometric methods. The addition of total body water estimation using isotope dilution allows the development of a three-compartment model, 3 which can be extended into a four-compartment model by the addition of an estimate of bone mineral content (BMC) using dual-energy X-ray absorptiometry (DXA). 4, 5 Investigators, in general, agree that multicompartment models provide the criterion measurements for body composition assessment, [4] [5] [6] [7] but their costly, time-consuming and sophisticated technological analysis limit their use at the clinical settings.
An important advance in body composition research is the availability of DXA for partitioning body mass into three components: FM, lean soft tissue (LST) and BMC, 8 quantifying with precision [9] [10] [11] [12] total and regional FM, LST and BMC, and providing accurate measures when compared with four-compartment models. 5, [13] [14] [15] [16] [17] [18] [19] [20] Indeed, DXA is a time-efficient and minimal-risk method that has allowed its wide implementation and usage in large multi-center studies, including the National Health and Nutrition Examination Survey. 21, 22 However, although DXA has high precision and overall accuracy in body composition assessment, there remain concerns that need to be addressed.
The purpose of the present study is to review the major limitations of assessing body composition in individuals who exceed the scan area dimensions and to provide alternative techniques, published between 1990 and 2013, and their respective accuracies for overcoming these limitations.
area (width or length) in assessing FM, LST and BMC and (3) description of the statistical methods used to validate the procedure. For the identification of the studies, the process included the following steps: screening of the identified records, examination of the full text of potentially relevant studies and application of the eligibility criteria to select the included studies. For assessing eligibility, studies were screened independently in an unblinded standardized manner by the primary author, whereas the secondary author examined a small sample of them.
RESULTS
A total number of seven studies were identified in the review. Our search provided a total of 447 citations. Of these, 430 studies were discarded, because after reviewing the title and abstract it appeared that these papers clearly did not meet the criteria. The full text of the remaining 17 citations was examined in more detail. From the 17 studies, 10 studies did not meet the inclusion criteria described in the Materials and Methods section. A flow diagram is illustrated in Figure 1 to describe the number of studies screened, assessed for eligibility and included in the review, along with reasons for exclusions at each stage.
The included studies cover selected procedures to overcome DXA scan area limitation, and detailed validation parameters extracted from each publication (Tables 2 and 3) are synthesized under three main sections: DXA limitations, overcoming DXA limitations and statistical considerations.
DXA limitations
In a recent review, Toombs et al. 24 pointed out the main DXA technological advances, in particular the progressive replacement of the original pencil-beam densitometers by fan-beam devices that allowed for better resolution and faster scan times. The authors generally highlighted DXA as a convenient and useful diagnostic tool for body composition assessment. 24 As described by Brownbill and Ilich, 25 the three major commercial manufacturers of densitometers are GE Medical Systems Inc. (former Lunar), Madison, WI, USA; Hologic Inc., Waltham, MA, USA; and Cooper-Surgical (former Norland Medical Systems, Inc.), Trumbull, CT, USA. The main physical characteristics of the most commonly used manufacturer/instruments are presented in Table 1 .
As observed in Table 1 , different dimensions of the DXA scan area may limit its applicability to assess whole-body composition in broader or taller individuals unless a different position is adopted. Therefore, there are still concerns about the validity of the DXA body composition measures if the adoption of a different procedure is required for a whole-body scan.
Scan length. In particular, within the athletic field an accurate body composition assessment is a determinant that is used to optimize competitive performance and evaluate the effects of training. 26 Although DXA provides a valid body composition measurement, restrictions exist when evaluating individuals taller than 193-198 cm, depending on the DXA equipment. Thus, whole-body scans cannot be obtained, because part of the body will be outside the scan area unless the feet are truncated. This limitation particularly affects athletes involved in sports, such as basketball and volleyball, wherein height is a major factor of performance.
Scan width. Another limitation of DXA scanners is the width of the scanning area (60-67 cm). When an individual's body dimensions exceed these limits, which typically occurs in obese patients, the accuracy of the measurement is compromised. Likewise, the trunk breadth and large skeletal muscle mass favorable for certain sports, such as bodybuilding, rowing and rugby, exceeds the width of the active DXA scanning area.
Additionally, because of this limitation, the accuracy of measurement in obese individuals, whose body dimensions exceed those of the scanning area, is reduced proportionally to the amount of tissue excluded from the scan.
Scan length and width. The common dimensions of the active scanning area, as mentioned before, are a width of 60-67 cm by a Figure 1 . Flow of information through the different phases of the systematic review.
Overcoming DXA scan area limitations AM Silva et al length of 193-198 cm. In addition, the active scan area required for accommodating the individual and including an available empty space at the beginning of the scan to start the readings is smaller than the referred dimension values. 27 Indeed, it is problematic to scan a subject with a body width that is over 58 cm (with arms separated from each other) and with a height above 190 cm. This problem is present not only in sports where both trunk breadth and height are performance-related characteristics as in the highest weight categories of combat sports (wrestling, judo and sumo) but also in body builders and rugby players. This may become an even greater problem if the trends toward increasing body size, in general, and athletic populations continue. 28 Overcoming DXA limitations Scan length. In order to solve this methodological limitation, two approaches have been suggested:
(a) The sum of two separated scans.
(b) Adopting a knee-bent position. Recently, using a Hologic Explorer-W, fan-beam densitometer and the software QDR for Windows version 12.4 (Hologic, Waltham, MA, USA), our research group tested the validity of the sum of two partial scans in predicting whole-body values. 29 A diverse sample of athletes (n ¼ 31, 18 females) and non-athletes (n ¼ 65, 34 females) aged between 16 and 55 years with a body mass index ranging from 17 to 29.7 kg/m 2 participated in the study. Following the protocol described by the manufacturer, a whole-body scan was used as the reference and two additional scans were performed by the same technician, specifically (a) a head scan, wherein the DXA scan length (B80 cm) was set at a height sufficient to scan from the top of the head to the lower jaw and (b) a trunk and limbs scan, wherein the participant was positioned with the head slightly out of the scan area. 29 The scan length was set at the normal length for the whole-body scan (195 cm) and for the trunk and limbs scan. The sum of the head and trunk, plus the limbs, was used as an alternative procedure to assess BMC, FM and LST 29 as illustrated in Figure 2 . In 2005, Evans et al., 30 also by summing two scans, proposed and validated procedures to assess whole-body BMC, FM and LST, to evaluate individuals taller than the DXA scan area. Nineteen young adults (9 females), less than 185 cm in height (171.0 ± 7.4 cm) and having a mean weight of 65.9 ± 11.4 kg were positioned on a pencil beam DXA (Hologic QDR/W 1000; Enhanced Whole-Body Analysis software version 5.71, Waltham, MA, USA). Three whole-body scans were performed. The first scan Overcoming DXA scan area limitations AM Silva et al included the whole body as per normal manufacturer guidelines, as described by the authors. 30 The second scan shifted the body to the bottom of the table to include the whole body, except the lower half of the legs and the feet. The third scan shifted the body to the top of the table to include the whole body, except the head. Individuals were repositioned for each scan by the same technician who analyzed the scans (pelvis/leg delineation at the femoral neck and the neck delineation at the top of the shoulders). Neck delineation for many subjects occurred at a common point (top of the shoulders and bottom of chin), but if this did not occur as a common point, neck delineation was made at the top of the shoulders. The scans were summed using two different methods: dividing the body at the proximal femurs bisecting the femoral necks (the Hip) and at the top of the shoulders (the Neck). Using the Hip method for estimating wholebody bone area and BMC, the head, left and right arm, and the trunk (left and right ribs, thoracic and lower spine, and pelvis regions) were taken from scan 2. The left and right leg regions were taken from scan 3. Similarly, for estimating whole-body FM, LST and %FM using the Hip method, the head, left and right arm, and the trunk regions were taken from scan 2, whereas the left and right leg regions were taken from scan 3 and summed. Using the Neck method of summing body regions, only the head region was taken from scan 2, whereas the remaining body regions were taken from scan 3.
Our research group 31 validated BMC, FM and LST measurements, with the knees bent at a 901 angle and using a Hologic DXA equipment (QDR 1500, pencil-beam mode, Waltham, MA, USA) in 104 healthy participants (53 females) ranging from 17 to 80 years of age and a mean body mass index of 26.1±3.2 kg/m 2 . Following the protocol described by the manufacturer, the same technician positioned the participants, performed the scans and executed the analysis. A goniometer was used to establish 901 as the angle at which the knee-bent position was to be maintained ( Figure 3 ).
Scan width. The first study that elegantly addressed this methodological limitation was conducted by Tataranni and Ravussin, 32 using the comparison of half-body scans with wholebody composition assessment. The authors used 156 participants with a mean body mass index of 25.8 ± 4.1 kg/m 2 , who fit into the DXA scan table, plus 27 participants (12 females) who were wider than the DXA scan area with a body mass index of 44.5 ± 4.6 kg/m 2 , ranging in age from 18 to 70 years. 32 DXA measurements were performed using a whole-body scanner (DPX-l; the software Lunar Co version 1.3z, Lunar Radiation Corp, Madison, WI, USA). FM, LST, BMC and %FM were assessed. The operator performed a single whole-body or two half-body scans depending on a visual judgment of whether or not the patient fit into the scanning area (197 Â 58 cm). The subjects scanned once were positioned according to Mazess et al. 33 For the 27 subjects scanned twice, the central line of the scanning area passed through the midpoint of the left or right clavicula for the left and right half-body scans, respectively. In addition, the side of the body not completely included in the scan area was deleted by using the exclusion region of interest. Subjects were scanned from head to toe in both cases, being displaced toward the left side of the table for the scan of the right body side and toward the right side of the table for the scan of the left body side. 32 The software allowed the same operator to place a sagittal line through the center of the body results, based on anatomical reference points (skull, spine, pelvis and legs) to obtain measures of the right and left side of the body.
In 2009, Rothney et al., 34 using a new and advanced DXA equipment (Lunar iDXA; GE Healthcare, Madison, WI, USA) that provided a higher weight limit (204 kg) and an extra width of 10 cm outside the scanning area, validated the half-scan analysis by comparing them with standard whole-body scans in a sample of 52 obese adults (37 females) with age ranging from 19 to 63 years. For the study, all scans were conducted in the thick mode (thickness 425 cm), which requires B13 min of scan time, with an effective radiation dose of 3 mSv per scan, according to the manufacturer's technical data. The scan analysis was performed using the GE Encore 11.10 software that allows for adjustment of regions of interest, including the sagittal line, and uses an automatic detection routine to determine whether the subject is within the scan space. If the subject's body is not contained within the scan space, a half-scan analysis is automatically performed by assuming the symmetry of the body. Each wholebody image was analyzed, including the manual placement of an appropriate sagittal line. Following this analysis, the authors 34 chose to re-analyze each scan as a right-side scan and a left-side scan, as displayed in Figure 4 .
Using a sample of 34 (18 girls) obese children (X95th body mass index percentile) aged 7.7-18.1 years and fitting into the scan area, Breithaupt et al. 35 determined the validity of a halfbody scan methodology for measuring body composition, using the GE Lunar Prodigy ADVANCE DXA scanner (GE Healthcare, Madison, WI, USA). For young children and infants, the Prodigy ADVANCE provides a direct calculation of relative and absolute FM and LST, BMC, density and area. In this study, 35 results were calculated automatically for BMC, FM and LST for the whole body. Average scan time was 4.5 min, with a radiation dose of B0.3 mSv. The scan analysis was performed using the GE encore 11.40 software (GE Healthcare). AutoAnalysis is capable of detecting whether a subject is within the scanning region, and if they are not within the region an automatic half-scan analysis is performed by assuming the symmetry of the body, as illustrated in Figure 4 . Scan length and width. Recently, Nana et al. 28 have provided the first solution to overcome the problem of evaluating individuals who are both taller and larger than the DXA scan area, using a narrowed fan-beam DXA (Lunar Prodigy; GE Healthcare), with the analysis performed using the GE Encore 13.60 software (GE Healthcare). A total of 30 young physically active adults (15 females) fitting the scanning area were included. Those who were more than 190 cm tall and were broader than the width of the scanning area when positioned according to the protocol were excluded. Participants were required to be engaged in a structured training program for at least 4 h/week.
Each subject underwent one whole-body (Whole) and four partial DXA scans in a single testing session (over B30 min), in a random positioning order under standardized conditions of resting and fasting. 28 Subjects were repositioned after each scan. Various combinations of the partial scans were summed to estimate the total body composition; these partial scans were compared with the Whole for estimates of the summed mass, BMC, FM and LST. Figure 5 illustrates the calculations of sums of partial scans to estimate whole-body composition. The partial scanning areas were vertex (in the Frankfurt plane) to menton (the inferior point of the mandible) for Head, whole body from the menton downward for Body, right side of the body for Right and left side of the body for Left. Specifically, for Whole, Head and Body, the technician positioned the subjects to ensure that they were centrally aligned in the scanning area. For the Head position, the scan was initiated per usual protocol but was terminated at the superior aspect of the shoulders so that only the entire head region was measured. For Body, the technician initiated the scanner to undertake one sweep and create an empty space before allowing the subject to reposition to the top of the scanning bed and be rescanned downward from the menton. For Left, the subjects were shifted to the right side of the scanning bed to intentionally allow the right side of the body (for example, right arm and leg) to fall outside of the active scanning area, with the technician ensuring that the midline of the body (for example, the mid-spine) was still within the scanning area. The opposite positioning protocol was undertaken for the Right to capture the right side of the body.
Statistical considerations
In this section, we will provide both the statistical procedures used to commonly assess the validity of methods and a detailed description of the accuracy parameters.
Approach. One of the basic statistical analyses reported by the selected authors for assessing the validity of BMC, FM and LST values obtained from the proposed procedures using the reference scan includes a comparison of means using a paired sample Student's t-test or Wilcoxon signed-rank test for parametric and non-parametric statistics, respectively.
Linear regression models are also performed separately for assessing whole-body BMC, relative and absolute FM and LST, using the reference scan as the dependent variables and BMC, and relative and absolute FM and LST, estimated by the alternative procedure, respectively, as the independent variables. Parameter estimation for the regression analysis includes the coefficient of determination (r 2 ), the coefficient of correlation (r), the slope and the intercept. The line of identity, that is, the degree to which pairs of observations fall on the 451 line through the origin, is also tested by examining whether the intercept and the slope differed from 0 and 1, respectively.
In addition, the concordance correlation coefficient proposed by Lin, 36 when provided by the reported studies, represents a measure of accuracy by indicating a bias correction factor that Figure 4 . Example of iDXA total-body composition image and a representation of the portions of the total-body image used to generate the right-side and left-side images (used with permission 34 ).
quantities how far the best-fit line deviates from the 451 line through the origin and a measure of precision that specifies how far each observation deviates from the best-fit line.
The agreement between the alternative procedure and the reference scan is usually assessed by analyzing the 95% limits of agreement, as proposed by Bland and Altman, 37 by plotting the differences with the mean of the methods or by using the residuals of the regression between procedures and the reference scan in abscissas. The presence of a trend between the differences and the mean of the methods is examined using the coefficient of correlation (or, instead, by observing the homoscedasticity of the residuals). Table 2 , Santos et al. 29 observed that (a) the proposed alternative procedure for assessing FM and LST did not differ from the reference scan (P40.05); (b) the proposed models explained more than 99% of the variation in body composition assessed using the reference scan; (c) high concordance correlation coefficients were observed (40.99), which indicates an almost perfect strength of agreement; 38 and (d) agreement analysis demonstrated low limits of agreement. These results indicate a good accuracy of the alternative method to assess both whole-body BMC, FM and LST. No gender or athletic status effect was observed.
Accuracy. Scan length: As indicated in
The study of Evans et al. 30 indicated very strong relations for all outcomes of interest, with correlation coefficients ranging from 0.992 to 1.000 (all Po0.001), as indicated in Table 2 . No significant intercepts were determined for the reference whole-body scan from either summing method. No gender effect was apparent when entered into the regression analysis model, regardless of the summing method used. Most of the differences were within the 95% limits of agreement for the difference (residual score), and the trend was moderate to minimal. The Hip method produced a moderate relation between the difference and the mean of the procedures for FM (r ¼ 0.57, P ¼ 0.010), which means that for higher amounts of fat the summed method underestimated the whole-body value. A similar observation was found for relative fat estimation. These systematic biases were not evident using the Neck summing method; however, the Neck method produced a significant trend in LST.
Although both summing methods provide good estimates of body composition, dividing the body at the neck provides more accurate estimates of BMC and soft tissue composition than dividing the body at the hip.
The accuracy of the solution proposed by Silva et al. 31 is indicated in Table 2 . BMC and FM were overestimated when adopting the knee-bent position, whereas LST was underestimated in comparison with the reference position. Linear regression analysis indicated that BMC and FM using the knee-bent position explained 99% and 98% of the variance in the reference scan, respectively, for males and females, whereas values of 98% and 91%, respectively, were observed for LST. No trend was found between the difference and the mean of both methods for BMC, whereas significant trends were observed for FM and LST, which means that the alternative procedure tends to over-or underestimate FM and LST depending on the amount of soft tissue.
Considering the solutions presented, all r 2 -values were higher than 0.9 (Santos et al., 29 Evans et al. 30 and Silva et al. 31 ), but the results from Santos et al. 29 were more accurate, specifically because no trend was observed between the differences and the mean of the procedures, revealing that the solutions were not dependent on the amount of BMC, FM and LST. However, it is important to underscore that the studies of Evans et al. 30 and Silva et al. 31 used pencil-beam-mode equipments, whereas Santos et al. 29 used the fan-beam mode. The narrower angle of the fan beam eliminates beam distortion at the ends of a beam path; 39 thus, differences between body compositions can be observed when DXA pencil and fan-beam instruments from the same and different manufacturers are compared. 39, 40 The larger differences between the alternative solutions and the reference scan were observed when adopting the knee-bent position. In fact, when adopting this position the elevation of the knees bent can be greater than that of the scanner arm (inadequate height clearance) in certain densitometers. The alternative solution of summing scans would require a longer time, as two scans and, consequently, more radiation exposure are necessary. However, the time spent for a whole-body scan is considerably shorter when using Hologic fan-beam densitometers compared with when using the pencil-beam mode. In the fanbeam mode, both scans can be performed in less than 10 min, as the length for the head scan can be set to a smaller area, reducing the scan time. Regardless of the height gained, the scan area is still limited by the head that can be dropped off, allowing for B15-20 cm of extra height on a participant length. 29 Scan width: Tataranni and Ravussin 32 reported that whole-body composition can be accurately predicted from the results of halfbody DXA scans in a group of 27 obese subjects who did not fit entirely into the scanning area. The parameter estimation of the predictive equations for whole-body composition using DXA halfbody scan is available, but the information of the agreement between procedures was not provided by the authors, 32 as reported in Table 3 . The difference between scale body weight and DXA body weight (calculated as the sum of LST, FM and BMC) was 2.33±3.01 kg (Po0.01).
The results of Rothney et al. 34 are displayed in Table 3 . The group differences between the two half-scan simulations and the Figure 5 . Calculations of sums of partial scans to estimate wholebody composition (adapted from Nana et al. 28 ).
Overcoming DXA scan area limitations AM Silva et al total-body DXA scan were not significantly different in %FM, FM, LST or whole-body mass, although for a slightly over-and underestimated of the BMC from the right-and left-side half scans, respectively, were observed. The differences between men and women were similar. The between-individual measures of %FM, FM, LST and BMC estimated from right and left sides were highly correlated (r 2 40.99) and were closely comparable to the respective measurements from the whole body. A Bland-Altman analysis revealed no significant magnitude bias in the prediction of %FM, FM, LST or BMC. The 95% confidence intervals were similar between the right-and left-side methods.
Breithaupt et al. 35 found no significant differences between half-and whole-body DXA scans for %FM, FM, LST and BMC, as observed in Table 3 . Small but significant differences in absolute values were present within the data between left-and right-side scans. The authors showed that left-side half-body scans were found to overestimate FM and LST, whereas right-side half-body scans underestimated these measures. No differences were observed between right-and left-side scans for BMC. There was a very strong correlation among %FM, FM, lean mass and BMC (Po0.01, r 2 ¼ 0.996-1.0) for both half-body side scans compared with whole-body scans. Lower limits of agreement were observed, with the 95% confidence intervals between right-and left-side techniques being closely comparable.
Although the minor differences between the studies could be attributed to the hardware (Lunar DPX-1 vs iDXA), thickness mode (single mode 425 cm vs various modes) and software (1.3z vs 11.1-11.4), all the studies highlight the accuracy of the half-scan procedures in estimating the whole-body composition. Even the ranges of individual variability when using the Bland-Altman approach, available in both Breithaupt et al. 35 and Rothney et al. 34 studies, were acceptable and showed no significant trend between the differences and the mean of half-body and whole-body scan procedures in the estimation of the body components of children and adults. Thus, the small differences observed suggest that there is a low risk of introducing systematic bias into a data set by utilizing both wholebody and half-body scans within a single study. Although subjects who could not fit into the scanning area of the iDXA were not included in the works of Breithaupt et al. 35 and Rothney et al., 34 no significant trends in between-individual magnitude bias in the differences between half-body and whole-body scans were found. This persistent symmetry suggests that the half-body DXA scan results could be comparable to whole-body scans even for larger subjects.
Scan length and width: The results of this subsection are limited to the study of Nana et al. 28 that pointed out the reliability of the proposed solutions rather than the validity parameters, which would represent the trueness of the alternative procedures in estimating the reference scan, as reported by the other studies. The authors 28 found that differences in body composition estimates from summed partial scans for total mass and BMC were not substantially different from those of Whole; indeed, they were less than the smallest worthwhile effect. In the case of FM and LST, estimates derived from summing Left and Right (to simulate broad subjects) were also not substantially different from the results of Whole. The addition of partial scans with Head led to an overestimation of FM by B6-7%. Similarly, there was an B6% overestimation in LST between Whole and the sum of Head and Body.
In general, the authors 28 observed that when the head region is excluded, the body composition differences for most measurements The information on the validation parameters was placed according to the digits after the decimal point provided by the authors. Bias was calculated as the alternative scan minus the reference scan in the study of Santos et al., 29 whereas the studies of Evans et al. 30 and Silva et al. 31 calculated the bias as the reference scan minus the alternative procedure. The 95% limits of agreement and trend should be interpreted accordingly. were not substantial. Nevertheless, some technical errors occur when scanning just the Head for estimating whole-body composition, which can reach B3 kg for LST and B1 kg for FM in tall or tall and broad individuals. However, Nana et al. 28 found that estimates of whole-body composition achieved by summing partial scans to simulate broad individuals were acceptably reliable.
DISCUSSION
Overall, solutions are available for overcoming the problems of performing whole-body scans on individuals who are larger, taller, or larger and taller than the DXA scan area. The methods proposed are useful alternatives to be used for individuals taller than the scan area, specifically athletes engaged in sports recognized for including very tall individuals, such as basketball and volleyball players. Considering the need of obtaining accurate individual body composition measurements throughout the season of athletes who are taller than the scan area, the sum of two scans provides a valid and non-invasive approach, allowing the evaluation of participants whose height exceeds the length of the available standard scan by up to 15 to 20 cm. Nonetheless, even if we can accommodate tall subjects by summing partial scans, this solution will not be feasible for very tall subjects (for example, 42.20 m), who are likely to have a body length (without the head) that is greater than the active scanning area of the DXA machine, adding further practical complications and potential for error. Moreover, on account of the skull bone, DXA measures for FM and LST assessment are estimated based on the composition of the adjacent soft-tissue pixel, as DXA excludes pixels that contain bone in addition to soft tissue. 8 Therefore, the subtotal results (without the head) may present fewer sources of systematic error in FM and LST estimations, and only one scan would be required. However, whole-body BMC is not fully estimated using subtotal values, which compromises body composition assessment when using four-compartment models-the gold standard method for body composition determination, as they account for the biological variability of the fat-free mass composition (water, mineral and protein). This review also pointed out that measurements of BMC, LST, and relative and absolute FM values in adults wider than the scan table can be assessed by half-body scans, which are closely comparable to whole-body scans, using the new iDXA scanner in children and adults. The increased scanning area and additional table width of iDXA further enhance its ability to accurately measure body composition in broader individuals. If the BMC is the desired outcome parameter, a whole-body scan or scanning both sides separately may be required. However, one of the limitations of using the half-body scanning techniques is the loss of the ability to monitor regional body composition (for example, differences between the left and right sides).
Despite the encouraging results obtained, these findings are of practical interest to a laboratory with the same model, software and scan-mode densitometer. In fact, although procedures for solving the problem of the scan length were proposed and validated for pencil and fan-beam Hologic densitometers, only one study pointed out the reliability of summing two scans using a specific Lunar instrument for assessing individuals taller than the active scan area. Conversely, solutions were proposed for solving the limitations of assessing individuals who exceed the scan width in Lunar densitometers, but the accuracy of the half-body scans has never been tested for Hologic instruments. In addition, the characteristics of the samples included in the validation studies, mainly young athletes, active adults and middle-aged healthy adults (normal or overweight), may limit their generalization to elderly populations, diverging in health status and body thickness.
Finally, studies designed to track body composition during weight loss or preparation for athletic competition observed small differences between body fat changes measured via DXA and those obtained from the four-compartment model. [41] [42] [43] However, the extent to which the proposed methodologies tested in crosssectional designs are valid in tracking longitudinally monitored populations is unknown and requires further research.
